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Why we are excitedé 
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}MINOS/MINOS+ makes use of the NuMI beam 

} Most powerful neutrino beam in operation with upgrades in the works 
 

}New results from both MINOS and MINOS+ 
} Standard three-flavor oscillations 

} Exotic phenomena  

} Sterile neutrino searches  

 

 



A Brief Reminder of MINOS  
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ʉ 

}Long baseline neutrino oscillation search 



What about MINOS+  
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} Same magnetized MINOS detectors used in MINOS+ 
 

} Medium-energy NuMI beam 

} Higher energy spectra and decreased cycle time when compared to MINOS 

} New target design implemented to handle increased beam power 

} Expect roughly 4000 ˄ µ CC events per 6×1020 protons-on-target (POT) year 
 

} Only wide-band beam long baseline experiment operating in this decade 

} New physics  to be investigated in this new energy window! 



MINOS & MINOS+ Data  
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                        MINOS (2005-2012)            MINOS+ 

1.7 Ἁ 1020 th¢ ƛƴ ˄ ǊǳƴƴƛƴƎ 

10.7 Ἁ 1020 th¢ ƛƴ ˄ ǊǳƴƴƛƴƎ 

3.4 Ἁ 1020 POT in ˄Ɏ running 



MINOS & MINOS+ Data  
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Updating oscillation parameter measurement with increased atmospheric 
neutrino statistics 
 
Additional 10.8 kton-year (+28%) over previous beam+atmospherics 
combined analysis  [PRL 112, 191801 (2014)] 

                      



Three -Flavor Oscillations  
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} Combine various analyses from MINOS/MINOS+ 

} Full MINOS ˄ -˃CC and ˄ Ɏ˃-CC disappearance sample 

} Full ˄ e-CC, ˄ Ɏe-CC appearance sample, described in  
PRL 110 171801 (2013) 

} Full MINOS and new MINOS+ atmospheric samples 

} Sensitivity to 1̒3, ̒ 23 octant, mass  
hierarchy, and ɻ CP from e˄ sample  

} Enhanced by atmospheric data 
} Matter effects give rise to  

larger differences in multi-GeV,  
upward-going events 

2̒3  



Three -Flavor Oscillations  
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} Combine various analyses from MINOS/MINOS+ 

} Full MINOS ˄ -˃CC and ˄ Ɏ˃-CC disappearance sample 

} Full ˄ e-CC, ˄ Ɏe-CC appearance sample, described in  
PRL 110 171801 (2013) 

} Full MINOS and new MINOS+ atmospheric samples 

} Sensitivity to 1̒3, ̒ 23 octant, mass  
hierarchy, and ɻ CP from e˄ sample  

} Enhanced by atmospheric data 
} Matter effects give rise to  

larger differences in multi-GeV,  
upward-going events 

} Effects are dependent on mass  
hierarchy and charge conjugation 

} MINOS first to probe effect 
with event-by-event charge  
separation 

2̒3  



Analysis Fundamentals ð Beam Data  
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} Use energy spectra to perform precision measurement of neutrino 

oscillations 

 

}Make a fit to the 

three-flavor oscillation  

framework 

 

} Use both the beam 

and atmospheric data  

to generate constraints 

on certain oscillation 

parameters 


